16TH INTERNATIONAL PROSTATE CANCER UPDATE
]

Prostate Cancer: Epidemiology,
Screening, and Biomarkers

Gerald Chodak, MD

Midwest Prostate and Urology Health Center, Weiss Memorial Hospital, Chicago, IL

Carcinoma of the prostate continues to be a major health problem in the
United States. Beginning in 1988, a marked increase in detection of prostate
cancer occurred due to the development of a test for prostate-specific antigen
(PSA). Controversy exists, however, about the value of PSA as a tumor
marker. Although it has prognostic significance both before and after
definitive therapy for prostate cancer, it is unclear whether routine PSA
screening will translate into a survival advantage for patients. Because of
its limitations, PSA may not ultimately be a good enough marker to be used
as a screening tool. However, molecular biology has led to a rapid rise in the
number of potential new prostate tumor markers, which may eventually
overcome the weaknesses of PSA. Considerable progress has occurred in

the diagnosis and management of prostate cancer: more is understood about
the risk factors for the disease, possible ways to prevent it, and new ways to
diagnose and monitor it. These developments have already translated into
better patient care, while also identifying where further improvements are
needed.
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United States. Of the more than 700,000 new cases of cancer occurring in
men each year, approximately one third or 230,000 new cases were ex-
pected to be cancer of the prostate in 2005."' In fact, the rates of this disease in
US African American and Caucasian men are the highest in the world. Beginning
in 1988, a marked increase in detection of prostate cancer occurred owing to the
development of a test for prostate-specific antigen (PSA). The detection rate

Carcinoma of the prostate continues to be a major health problem in the
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Epidemiology, Screening, and Biomarkers continued

began to decline in 1997 but began to
increase again in 2000.> Although
carcinoma of the prostate represents a
high proportion of all new cancers in
men in the United States, it accounts
for only 10% of cancer deaths in men.
Interestingly, between 1993 and 1997,
the annual mortality from this disease
declined and then leveled off in sub-
sequent years.” Controversy exists
over the explanation for the decline
in mortality. Some attribute the
change to the increasing use of PSA
screening, whereas others argue that
the long natural history of the disease
precludes a change in mortality be-
ginning in 1993, given that extensive
screening began only around 1989.
Four years of testing is simply too
short a period to yield such a drop in
mortality. Another argument against
attributing this change to PSA screen-
ing is that prostate cancer mortality
also declined during the same period
in countries such as England, where
routine screening was not performed.

Two other explanations may ex-
plain the drop in mortality. One is the
ability of PSA monitoring to identify
progressive cancer after local therapy
much earlier than was possible previ-
ously. As a result, subsequent thera-
pies, primarily androgen ablation, al-
though infrequently curative, slowed
the course of the disease, thereby pro-
longing survival. Another excellent
explanation is that prospective ran-
domized studies demonstrated that
earlier use of hormone therapy in
combination with radiation or surgery
improved survival compared with ra-
diation or surgery alone.*®

One thing is clear: clinicians are
becoming more knowledgeable about
this disease and the risk factors con-
tributing to its development and pro-
gression. The most significant risk
factor is age. Autopsy studies show
that even by the age of 20, approxi-
mately 10% of men have prostate
cancer cells in the prostate.” This in-
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Figure 1. Relationship of dietary fat intake and death rate from prostatic cancer. Reproduced from Carroll and
Khor,” with permission from the publisher, S. Karger AG, Basel, Switzerland.

creases to 30% of men by age 50 and
over 50% by age 80. Race is another
risk factor; African American men
appear to have a worse prognosis
than Caucasian men.® Diet also ap-
pears to play an important role in the
development and possibly the pro-
gression of the disease. If one plots
the mortality rate from prostate can-
cer according to the average dietary
fat intake of countries, a direct corre-
lation is seen (Figure 1).° Also, some

recent study found a significantly
lower incidence of the disease after
7 years of daily finasteride.”® Other
chemoprevention studies are under-
way, including one comparing vita-
min E and selenium with placebo.

Biomarkers

Few areas of oncology have a tumor
marker as valuable for cancer detec-
tion as urology does in PSA. After de-
finitive therapy for prostate cancer, a

After definitive therapy for prostate cancer, a rise in PSA almost invariably

is indicative of progressive disease.

prostate cancers have been the result
of genetic changes, including changes
to the HPC1 gene.

Protective factors, including toma-
toes and tomato products, broccoli,
and vitamin D, have also been sug-
gested to play a role. Men with high
levels of selenium appear to be at
lower risk of the disease.?

One of the more important ques-
tions being asked is whether prostate
cancer can actually be prevented. A
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rise in PSA almost invariably is in-
dicative of progressive disease. Fur-
thermore, PSA has some prognostic
significance prior to therapy: the
lower the PSA level, the less likely the
disease will recur; the higher the
level, the less likely the cancer will be
curable. One of the current debates is
whether patients should have a super-
sensitive PSA test after surgery or
radiation to detect very early recur-
rence. At the present time, only
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approximately 30% of men whose
PSA rises above 0.4 ng/mL will even-
tually develop metastatic disease.
Thus the significance of a supersensi-
tive test value of 0.06 ng/mL has un-
certain clinical significance but most
certainly will add to patient anxiety.
One area of debate is the PSA value
that is indicative of treatment failure
after radiation therapy. The American
Society for Therapeutic Radiology
and Oncology Consensus Panel has
defined PSA failure as 3 consecutive
increases in a patient’'s PSA level."
More recently, however, this defini-
tion has come under criticism because
it underestimates the true failure rate.
Regardless of the value, a persistently
rising PSA level means the patient is
experiencing disease progression.
Data are also accruing regarding
the prognostic importance of PSA.
One recent study found that men
whose PSA increased by 2 ng/mL or
more in the year before diagnosis
have a significantly higher mortality

from prostate cancer despite at-
tempted curative therapy.'? The time
to a rise in PSA after surgery also has
important prognostic value. Men
whose PSA doubles in less than 3
months have a much lower overall
survival than those with longer dou-
bling times (Figure 2)."

Routine Screening for Prostate
Cancer: Is It Worthwhile?

The value of PSA as a tumor marker
has led to extensive studies into its
use for early diagnosis and screening.
The pendulum swings back and forth
regarding its value as a screening
tool. Despite the large volume of pub-

Despite the large volume of published papers, the true value of PSA for rou-

tine screening remains unknown.

Another prognostic factor is the
time to the first increase in PSA. A
PSA that rises above 0.4 ng/mL within
3 years of surgery carries a signifi-
cantly higher mortality risk than a rise
that occurs beyond that time.'* What
remains unclear with relation to these
prognostic markers, however, is
whether there is a survival benefit to
offering these high-risk men adjuvant
therapy and, if so, when the optimal
time to initiate that therapy is.

Figure 2. Prostate-specific antigen doubling time (PSA DT) for predicting overall survival. Reproduced, with per-

mission, from D’Amico et al.”’
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lished papers, the true value of PSA
for routine screening remains un-
known. Most people do not under-
stand, however, why there is still un-
certainty because there is no question
that early detection has improved and
more curable cancers are being diag-
nosed. Also, the proportion of men di-
agnosed with metastatic disease has
dropped to almost zero. Are not these
accomplishments sufficient proof that
screening is worthwhile? Unfortu-
nately, the answer is no because both
of those findings could be due to lead
and length time biases and overdetec-
tion rather than a true benefit of
screening.'”” Lead time bias means
that cancers are diagnosed at an ear-
lier point in time during the course
of the disease without leading to a
change in the timing of the eventual
outcome. In other words, those men
with aggressive cancers still go on to
die of their disease without living any
longer than if they had been detected
later without early PSA testing. This
can occur because very aggressive,
life-threatening cancers may develop
micrometastases very early in the
course of disease before a PSA test
would become abnormal. These
metastases are not detectable when
the cancer is diagnosed and will
eventually lead to that person’s death.

A second reason existing data do
not prove screening saves lives is
length time bias, which means that
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there are essentially 2 types of can-
cers: those that grow slowly and those
that grow and spread rapidly. Screen-
ing is more likely to detect the slow-
growing cancers because the faster-
growing cancers progress and cause
symptoms that lead a patient to seek
care before he can be diagnosed by
screening. When the results of these
2 groups are compared, the survival
of patients whose cancers were diag-
nosed by screening looks better, but it
does not mean that the screening is
saving lives.

A third reason screening may not
lower mortality despite improving
early detection is overdetection. It is
widely known that approximately 12
million men have prostate cancer cells
in their bodies, yet only a small frac-
tion of them will die of this disease
even if not treated. Although screen-
ing may detect many of these cancers
at an early stage, and the cancers are
then cured by treatment, the treatment
is unnecessary because the cancer is
not life threatening. Only a random-
ized study comparing a screened
group with an unscreened group will
make it possible to determine whether
screening saves lives. Two such stud-
ies are underway, one in the United
States and the other in Europe, but no
results are yet available.

Until those studies are completed,
some message must be provided to the
public. Should men be told to get
screened now despite no proof of ben-
efit, or should they wait perhaps years
before being tested and possibly miss
out on the chance for early detection?
A responsible approach is to present a
balanced explanation of the uncer-
tainty of screening that includes the
risks and benefits so each man can
choose for himself whether to be
screened. Everyone should be told that
the message about screening is mixed;
screening will be good for some but
not for most men. It is quite clear that
screening increases the chances of
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finding a potentially curable cancer
and offers a man peace of mind if he
is found not to have cancer. However,
the chances of benefitting from
screening are likely to be quite small.
On average, the odds of finding cancer
in asymptomatic men who undergo a
PSA test is approximately 4%. A re-

odds of winning or losing. Unfortu-
nately for patients, few doctors are
capable of providing the true odds to
their patients. When presenting the
side effects of radical prostatectomy
or radiation therapy to patients, most
urologists do not provide statistics on
the actual risks, and if they do they

Studies have shown that complications are directly related to the number of
radical prostatectomies performed by a surgeon; low-volume surgeons have
higher complication rates than high-volume surgeons.

cent Scandinavian randomized study
comparing surgery with watchful
waiting in men with localized disease
found that the death rate was 4.8%
lower in 10 years in men undergoing
surgery.'® If these results were applied
in the United States, they would trans-
late into approximately 1.9 men
avoiding death in 10 years per 1000
men who undergo a screening test
(0.04 X 0.048). If avoiding metastatic
disease is included, then approxi-
mately 4 men per 1000 tested could be
better off, but at what price? Approx-
imately 150 men out of 1000 will un-
dergo at least 1 biopsy, and at least 10
out of 150 will have a second biopsy
and at least 40 out of 1000 will un-
dergo treatment, with 20% to 60% of
these men becoming impotent and
20% of them suffering from some de-
gree of urinary incontinence.

When presented with this informa-
tion, men’s reactions will be mixed.
Most may feel that avoiding death is
worthwhile regardless of the risk of
side effects, whereas others may feel
that the benefits do not outweigh the
risks. Ultimately, this is an individ-
ual’s decision. For a patient to make
an informed choice, clinicians need to
provide each man with enough data
to be able to choose. Without appro-
priate information, men are forced to
“place” a bet without knowing the
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quote data from published reports by
high-volume specialists rather than
relating their own results. Studies
have shown that complications are
directly related to the number of rad-
ical prostatectomies performed by a
surgeon; low-volume surgeons have
higher complication rates than high-
volume surgeons.'”” Although vali-
dated written surveys are available
for measuring outcomes, physicians
need to be encouraged to use them. In
addition, methods are needed to dis-
tinguish men who have comorbid dis-
eases or worse cancers so that not all
cases are put into the same group.
Increasing use of these surveys will
enable patients to make a more in-
formed choice.

There are other unresolved issues
about using this marker for early de-
tection. At what PSA level should a
biopsy be performed? How many
cores should be taken? If a biopsy is
negative, should it ever be repeated
and, if so, under what conditions?
When PSA first came into use, a value
greater than 4.0 ng/mL was thought
to represent an abnormality warrant-
ing ultrasound and biopsy. In the past
few years, however, some clinicians
have suggested that recommending a
biopsy for men whose PSA is greater
than 2.5 ng/mL will significantly
increase sensitivity without causing



Epidemiology, Screening, and Biomarkers

PSA level (ng/mL)

Table 1
Prostate Cancer (CaP) in Men with Low Prostate-Specific
Antigen (PSA)

Men with CaP (%)

High-grade CaP (%)

< 0.5 6.6
0.6-1.0 10.1
1.1-2.0 17.0
2.1-3.0 23.9
3.1-4.0 26.9

12.5
10.0
11.8
19.1
25.0

Reprinted from Thompson IM, Pauler DK, Goodman PJ, et al. Prevalence of prostate cancer among
men with a prostate-specific antigen level = 4.0 ng per milliliter. N Engl J Med. 2004;350:2239-

2246. Copyright © 2004 Massachusetts Medical Society. All rights reserved.

too much overtreatment.'® More re-
cently, however, the Prostate Cancer
Prevention Trial (PCPT), which evalu-
ated the ability of finasteride to pre-
vent cancer, found that even at the
very low PSA levels of less than 0.5
ng/mL or 0.5-1.0 ng/mL, 6.6% and
10% of men, respectively, will have a
positive prostate biopsy (Table 1).°
This finding means that no man can
be told definitively that he does not
have prostate cancer, regardless of his
PSA level. The use of PSA for detect-
ing cancer has been heavily criticized
by Stamey and colleagues, who

believe that elevations in PSA from
4 ng/mL to 10 ng/mL are caused more
by benign prostatic hyperplasia than
by cancer."” Thus, the problem with
PSA as a screening tool is that the
overall sensitivity may be too low to
effectively reduce mortality. Of
course, increasing the sensitivity of
PSA may result in more overdetection
of the disease, causing greater harm
than good because the overwhelming
majority of men with prostate cancer
cells will die of something other than
this disease without ever suffering
any morbidity from it.

Rather than setting a cutoff PSA
level at which to recommend biopsy,
perhaps the rate of change could be a
useful indicator. Studies have found
that a PSA velocity greater than 0.75
ng/mL/year for approximately 18
months is a good surrogate for the
presence of cancer.

When to repeat the biopsy is an-
other uncertainty. Measuring free and
bound PSA may be helpful, but fluc-
tuations in PSA could lead to many
unnecessary biopsies. Sustained in-
creases in PSA are also a good indica-
tor, but this issue is far from resolved.
More information is needed to guide
clinicians in making good decisions
about repeat biopsies.

Other Tumor Markers

Ultimately, PSA may not be a good
enough marker to be used as a routine
screening tool. Molecular biology has
led to a rapid rise in the number of
potential new prostate tumor markers,
which may eventually overcome the
weaknesses of PSA. Unfortunately,
discovering new markers is a much
easier task than proving their value as
screening tools. The tests required to
validate them are extensive and ex-
pensive, and no new marker is close

Main Points

e Beginning in 1988, a marked increase in detection of prostate cancer occurred owing to the development of a test for prostate-
specific antigen (PSA). The detection rate began to decline in 1997 but began to increase again in 2000.

e Clinicians are becoming more knowledgeable about prostate cancer and the risk factors contributing to its development and pro-
gression, the most significant of which is age. Other risk factors include race, diet, and genetic changes.

e After definitive therapy for prostate cancer, a rise in PSA level almost invariably is indicative of progressive disease. Furthermore,
PSA has some prognostic significance before therapy: the lower the PSA level, the less likely the disease will recur; the higher the
level, the less likely the cancer will be curable.

e The problem with PSA as a screening tool is that the overall sensitivity may be too low to effectively reduce mortality. Of course,
increasing the sensitivity of PSA may result in more overdetection of the disease, causing greater harm than good because the
overwhelming majority of men with prostate cancer cells will die of something other than this disease without ever suffering any
morbidity from it.

e The requirements for a new prostate cancer marker are clear. It should distinguish between benign and malignant disease; it should
have a high sensitivity, specificity, and positive and negative predictive value; it should diagnose potentially life-threatening tu-
mors rather than slow-growing ones; and it should be inexpensive and easy to use.
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to having enough data to qualify it as
a PSA replacement. The requirements
for a new tumor marker are clear. It
should distinguish between benign
and malignant disease; it should have
a high sensitivity, specificity, and pos-
itive and negative predictive value; it
should diagnose potentially life-
threatening tumors rather than slow-
growing ones; and it should be inex-
pensive and easy to use. Some of the
more promising markers are prostate-
specific membrane antigen, early
prostate cancer antigen, genetic mark-
ers including PCA3, hypermethyla-
tion, and a fused gene product of TM-
PRSS2 and ERG or ERTV1 genes.?*?
Each of these has respectable charac-
teristics in very limited testing but
probably not adequate sensitivity and
specificity for screening. They may,
however, have advantages as tumor
markers but only time will tell.

Summary

Considerable progress has occurred in
the diagnosis and management of
prostate cancer. More is understood
about the risk factors for the disease,
possible ways to prevent it, and new
ways to diagnose and monitor it.
These developments have already
translated into better patient care
while also identifying where further
improvements are needed. [ |
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